Objectives
To examine the effectiveness and safety of CCT on mobility in adults with stroke.
Search strategy
We 
Selection criteria
Randomised or quasi-randomised controlled trials including people over 18 years old diagnosed with stroke of any severity, at any stage, or in any setting, receiving CCT.
Data collection and analysis
Two review authors independently selected trials for inclusion, assessed methodological quality and extracted data.
Main results
We included six trials involving 292 participants. Participants were long-term stroke survivors living in the community or receiving inpatient rehabilitation. All could walk 10 metres with or without assistance. Four studies measured walking capacity and three measured gait speed, demonstrating that CCT was superior to the comparison intervention (Six Minute Walk Test: mean difference (MD), fixed 76.57 metres, 95% confidence interval (CI) 38.44 to 114.70, P < 0.0001; gait speed: MD, fixed 0.12 m/s, 95% CI 0.00 to 0.24, P = 004). Two studies measured balance, showing a superior effect in favour of CCT ( Step Test: MD, fixed 3.00 steps, 95% CI 0.08 to 5.91, P = 0.04; activities-specific balance and confidence: MD, fixed 7.76, 95% CI 0.66 to 14.87, P = 0.03). Studies also measured other balance items showing no difference in effect. Length of stay (two studies) showed a significant effect in favour of CCT (MD, fixed -19.73 days, 95% CI -35.43 to -4.04, P = 0.01). Only two studies measured adverse events (falls during therapy): all were minor.
CCT is safe and effective in improving mobility for people after moderate stroke and may reduce inpatient length of stay. Further research is required, investigating quality of life, participation and cost-benefits, that compares CCT to standard care and that also investigates the differential effects of stroke severity, latency and age.
P L A I N L A N G U A G E S U M M A R Y

Circuit class therapy for improving mobility after stroke
Stroke is a major cause of increased dependence for survivors in many activities of daily life, including the ability to walk and negotiate our usual environments. Intensive rehabilitation, with time spent practising specific tasks or functions under supervision, is very beneficial but achieving the sufficient amount of therapy time can be difficult if there is always a one staff to one client ratio. Circuit class therapy offers people with stroke the chance to practise meaningful functions in a group setting with the supervision of staff to give feedback and to progress the training. We found six studies involving 292 participants that compared this kind of rehabilitation to usual care or sham rehabilitation. All the trials reported benefits of circuit classes for improving the person's mobility. More specifically, we combined the results from the studies and found that the classes were more effective in improving the person's ability to walk further, longer or faster and to balance more easily and confidently when compared to other types of exercise. Also, people receiving the classes went home from inpatient rehabilitation earlier than the comparison groups. There were no increased risks of falling related to participating in the circuit classes. We are recommending people can attend circuit class therapy after stroke to achieve benefits in their ability to walk and balance. However, more research is needed to see if it works for all people at any stage or severity after stroke and if some tasks are better to practise than others.
B A C K G R O U N D Description of the condition
Stroke is a leading cause of death and disability in many Western nations. In Australia, the United Kingdom and the United States of America it is within the top 10 causes of long-term physical disability (Begg 2007; Muntner 2002; Wolfe 2000) . Stroke care is costly: in Australia an estimated 50% of stroke survivors require a period of inpatient rehabilitation at an estimated cost of 14,000 AUD per person (Dewey 2003). The setting in which stroke survivors receive rehabilitative care (inpatient, hospital-based versus community outpatient-based) may vary between countries. However, the costs involved in delivering the care are consistently high, thereby placing pressure on rehabilitation services to provide evidence-based therapies that are also cost effective.
Description of the intervention
Group circuit class therapy (CCT) describes a model of therapy delivery that utilises active exercises and activities which are task specific (practising the functional task itself or part thereof ) and provided in an intensive manner. The key components of CCT are that therapy is provided in a group setting with more than two participants per therapist, and there is a focus on repetitive practise of functional tasks and continual progression of exercises (English 2007; Wevers 2009). Participants may complete a series of workstations arranged in a circuit (Wevers 2009) or may complete a series of individualised exercises within a group setting (English 2007). Circuit class therapy differs from physiological exercise programs, which aim to effect improvements in strength or aerobic fitness. While many of the activities and exercises may have a strength or fitness component, the primary focus is on repetitive practise of task-specific training of everyday motor tasks. Circuit class therapy also differs from the conventional one-therapist-toone-patient model for the provision of physical therapy for rehabilitation. The group nature of the intervention potentially allows a greater amount of therapy to be provided to patients for the same cost. Circuit class therapy is usually directed at either improving mobility (walking ability, functional balance ability) or improving use of the hemiparetic upper limb, although one study included both mobility and upper limb training within the one intervention (English 2007). The majority of studies have investigated the use of circuit class therapy for improving mobility, thus this will be the focus of this review.
How the intervention might work
The strongest evidence to date suggests that therapy after stroke should focus on practise of functional tasks (van Peppen 2004) and be intensive in terms of the time spent engaged in practise (Kwakkel 2004). In the context of this literature the term 'intensive' refers to the time spent engaged in rehabilitation rather than the physiological meaning of 'intensity', which refers to the rate of energy expenditure/overload. There is strong evidence for repetitive task training for improving walking distance, speed and sitto-stand ability (French 2007) and for improving walking speed and activities of daily living ability if provided within the first six months after stroke onset (Kwakkel 2004 ). Yet very low levels of physical activity have been reported for stroke survivors both in hospital and community settings. In the acute hospital settings stroke survivors spend less than 38 minutes per day engaged in meaningful physical activity (Bernhardt 2004) and estimates of activity levels of community-dwelling stroke survivors (Michael 2005; Michael 2007 ) are less than half of that reported for sedentary adults (Tudor-Locke 2002). Circuit class therapy may work by increasing the amount of time stroke survivors spend engaged in meaningful physical activity both within hospital settings and in the community. The type of therapy provided is also important. Previous metaanalyses have shown that for physical therapy interventions to be effective in improving functional ability for stroke survivors they must focus on training of functional tasks (van Peppen 2004) . Interventions focused at the impairment level (such as strength, aerobic fitness training or tone management programs) may lead to improvements in strength and range of motion, but do not translate into improved functional abilities (van Peppen 2004). Circuit class therapy may improve functional ability, particularly walking ability by increasing time spent practicing this task as well as its subcomponents. At a neurophysiological level it is well established that physical activity drives positive cortical plasticity after stroke ( 
Why it is important to do this review
Within the fiscal constraints of healthcare systems it is difficult to increase intensity by simply increasing the amount of therapy provided in one-to-one therapy sessions as this involves significant increases in cost. Instead, it is important that novel means of providing increased intensity of therapy, in a cost-effective manner, are developed and researched. Circuit class therapy has the potential to be a more effective means of providing a greater amount of physical therapy for people both in the hospital setting and in the community, outpatient setting. Once overall effectiveness has been established then cost implications can be investigated.
O B J E C T I V E S
M E T H O D S
Criteria for considering studies for this review
Types of studies
Randomised controlled trials (RCTs) comparing circuit class therapy with no therapy, sham therapy or another therapy modality. Due to the low number of suitable trials we also included controlled clinical trials that were quasi-randomised.
Types of participants
We included studies of adults (18 years and older) with stroke (all types, severity and stages of stroke/rehabilitation).
Types of interventions
We defined circuit class therapy as an intervention that involves participants being treated in a group environment, with a staff to client ratio of no greater than 1:3 (that is, no more than one staff member per three clients). We included studies which provided a minimum of once weekly CCT sessions for a minimum of four weeks. We only included studies which reported interventions with a focus on repetitive (within session) practise of functional tasks arranged in a circuit, with the aim of improving mobility. We excluded studies of interventions that included exercises solely aimed at improving impairment (such as strengthening, range of motion, or cardiovascular fitness).
Types of outcome measures
We evaluated outcome measures at post-intervention and at follow-up wherever available (e.g. three to six months post-intervention). We did not consider outcomes taken after a single circuit class.
Primary outcome
Measures of mobility, such as the Six Minute Walk Test (distance walked in six minutes) (6mWT), which is a clinically sensitive measure with demonstrated functional benefit for the person with stroke.
Secondary outcomes
Measures of impairment, such as:
• lower limb strength; and • range of motion.
Measures of activity limitation, such as:
• instrumental activities of daily living; and • personal care.
Measures of participation restriction, such as:
• health-related quality of life.
Other measures, such as:
• length of hospital stay; • adverse events;
• self-reported satisfaction;
• locus of control;
• economic indicators.
Summary of inclusion criteria
1. Human participants diagnosed with stroke (haemorrhage or infarct), of any severity/stage/setting (e.g. early: less than six months; or later: more than six months).
2. Eighteen years of age or older. 3. Receiving circuit class therapy as defined.
4. Outcomes evaluated in domains as defined. 5. Randomised or quasi-randomised controlled trial. We included all languages, and there were no date limits. To improve sensitivity we did not include a trials filter.
Search methods for identification of studies
Data collection and analysis
Selection of studies
We retrieved papers from the identified lists on the basis of title/ abstract, reviewing them against the established criteria for inclusion. If all criteria were met (that is, answers to the five criteria were 'yes' or 'unsure') we retrieved the study in full and reviewed it for final inclusion and then for methodological quality and data extraction. If we disagreed on any aspect of study inclusion we reached consensus through discussion and had a third person available for consultation if consensus could not be reached.
Data extraction and management
We independently entered data into the Review Manager software, RevMan 5.0 (RevMan 2008) and included full citation details of the study, objectives, design, length, assessment time points, number and characteristics of participants (inclusion and exclusion criteria), description of intervention, outcome measures, intentionto-treat analysis, withdrawals and loss to follow up, and adverse events. If we disagreed on any aspect of data extraction or quality evaluation, we reached consensus through discussion and had a third person available for consultation if consensus could not be reached.
Assessment of risk of bias in included studies
We independently assessed the quality of the studies to be included. We assessed the methodological quality of the included studies for risk of bias using criteria recommended in section 8 of the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2008) in six domains: sequence generation, allocation concealment, blinding of participants, personnel and outcome assessors, incomplete outcome data, selective reporting and other (sample size). Adequate sample size was based on supplied power calculations. We gave studies an overall summary of the risk of bias for each important outcome (across domains), as well as within and across studies using three levels: low, unclear or high risk of bias. We also gave a descriptive report on the overall risk of bias in relation to the findings from the meta-analyses.
Measures of treatment effect
We extracted and analysed data to calculate relative risk (RR) or mean difference (MD) and 95% confidence intervals (CI). This required the identification of the number of participants in each group in each trial and the total number (for dichotomous data), and the number of participants plus the mean and standard deviations for each group (for continuous data).
Unit of analysis issues
We considered studies with non-standard designs; e.g. cluster randomised trials if they were assessed as having a low risk of bias. We only considered randomised cross-over trials prior to cross over (irrespective of wash-out periods as the changes are assumed to be permanent) and if the study authors provided an analysis of results for the first phase.
Dealing with missing data
We contacted study authors to request appropriate data for metaanalyses if these were not adequately reported in the retrieved paper. We considered intention-to-treat analysis as part of the risk of bias assessment and recorded loss to follow up.
Assessment of heterogeneity
We assessed statistical heterogeneity both visually and using the I-squared (I 2 ) statistic. We also evaluated clinical heterogeneity (clinical and methodological diversity).
Assessment of reporting biases
We minimised reporting biases by the comprehensive search strategies, which had no date or language limits. However, where appropriate we could also examine this statistically via funnel plots and tests for asymmetry if there were sufficient studies.
Data synthesis
We conducted a meta-analysis with appropriate data. We considered the degree of heterogeneity to determine whether to use fixedeffect or random-effects analyses.
Subgroup analysis and investigation of heterogeneity
Where appropriate we considered performing subgroup analyses to establish effectiveness relative to gender, chronicity, age, severity or CCT content (respectively males versus females, acute versus chronic stroke, young adults versus older, mild/moderate versus severe stroke, purely task specific versus combination of impairment and task specific exercise) using the independent variables for meta-regression wherever the appropriate data were available.
Sensitivity analysis
We conducted sensitivity analyses to determine if particular studies skewed results, e.g. RCT versus non-RCTs.
R E S U L T S Description of studies
See: Characteristics of included studies; Characteristics of excluded studies. See Characteristics of included studies and Characteristics of excluded studies.
Results of the search
We retrieved 29 potential trials in full from the search, of which six were included in this review.
Included studies
The The settings for the intervention reflected the stroke latency, with the two early studies investigating people in an inpatient rehabilitation setting and the subsequent four trials being conducted in a community, outpatient setting. When reported, the stroke aetiology was predominantly infarction rather than haemorrhage. Stroke severity was similar across studies with English 2007 having the broadest spectrum (minimal ability able to walk with assistance) and the remainder requiring participants being able to walk 10 metres with or without aid. All studies investigated the effects of circuit class therapy (stationbased, task-specific practise in a group with a ratio of staff to client of 1:3) with the aim of improving mobility in people poststroke. 
Excluded studies
We excluded the remaining 23 studies for a variety of reasons including inappropriate methodology (non-controlled), or interventions that were either not task-specific (that is to say the interventions addressed impairments not functional tasks), not in a group (staff-to-client ratio was less than 1:3) or not in a circuit. See Characteristics of excluded studies for individual reasons for each excluded study.
Risk of bias in included studies
We assessed the overall risk of bias as low. Figure 1 shows the trials together achieved between 70% and 80% methodological quality, with the worst performance in the area of incomplete reporting of outcome data. 
Effects of interventions
Sufficient clinical homogeneity allowed us to pool study data, comparing CCT for mobility versus 'other' intervention(s reported one fall in the control group and five falls in the intervention group. All falls were minor with no reported injuries in either study. We did not retrieve any studies using a cross-over or cluster randomisation procedure. We considered missing data as part of the overall evaluation of risk of bias. We evaluated heterogeneity using the I 2 statistic -for the analyses reported above this was between 0% and 23% and therefore acceptable. In light of the low heterogeneity we applied fixed rather than random effects in the analyses. We could not evaluate reporting biases by funnel plots due to the low number of studies, nor could we undertake subgroup analyses for the same reason. One study was not randomised (English 2007), therefore we carried out sensitivity analyses on all meta-analyses involving this trial. These did not change the results for any of the outcome measures. Gait speed remained significant (Analysis 1.8), the Berg Balance Scale remained non-significant (Analysis 1.9) and length of stay remained in favour of the CCT group (Analysis 1.10).
D I S C U S S I O N Summary of main results
The primary aim of this review was to investigate the effectiveness of group circuit class therapy (CCT) for improving mobility after stroke. For our primary outcome measure of gait capacity (measured by 6mWT) a meta-analysis revealed that CCT was effective at improving the distance walked. The minimal clinically meaningful improvement on the 6mWT has been estimated at 13% (Flansbjer 2005), which equates to a distance of between 32.5 and 52.5 metres based on the data from included studies. Thus, we can be confident that the mean improvement found in the metaanalysis of 76.57 metres represents a real clinical change. The positive finding for the 6mWT is of functional relevance as it has been shown to be a stronger predictor of the community walking ability than measures of walking speed ( On measures of balance ability, results were mixed. There were no significant effects found for the TUG or BBS scales, but there was a significant effect for the Step Test and for balance confidence. These differences may be due to the relative sensitivity of the measures. The BBS has been demonstrated as having a ceiling effect when used with community dwelling, ambulant stroke survivors (Mao 2002). Two studies investigated the impact of CCT on balance self-efficacy using the ABC scale (Marigold 2005; Mudge 2009a) and our meta-analysis revealed a significant positive effect for this outcome. This outcome is clinically meaningful as the mean difference between groups of 7.76 points is greater than the standard error of measurement (5.05 points) (Salbach 2006b) and improvements in balance self-efficacy, in addition to improvements in walking ability, lead to greater improvements in both physical functioning and perceived health status (Salbach 2006a). Only two studies investigated the effectiveness of CCT in stroke survivors receiving inpatient rehabilitation with both studies including length of hospital stay as an outcome measure. When these results were pooled a significant effect was found in favour of a reduction in length of stay for those participants who received CCT. The mean difference of 19.6 days is highly clinically relevant as it represents the potential for significant savings to the healthcare system. There are many factors that influence length of hospital stay, so a direct causal relationship between CCT and length of stay cannot be established. Furthermore, the participant numbers were relatively small and one study (English 2007) did not have adequate sequence generation or concealed allocation. However, the magnitude of the finding and the potential benefits for both the individuals concerned and the healthcare system suggests that this benefit of CCT deserves further investigation. Only two studies reported adverse events (falls during therapy) (English 2007; Pang 2005). While both these studies reported a greater number of falls in the intervention group compared to the control group, all falls were minor with none resulting in injury.
Any intervention aimed at improving mobility and balance after stroke carries an inherent risk of causing falls because it is necessary for participants to undertake activities at the limits of their abilities for the interventions to be effective. The slightly greater falls rate in the intervention group is perhaps not surprising considering that the control group were either undertaking interventions that did not expose the participant to an increased risk of falls (a seated upper extremity exercise program) (Pang 2005) or had significantly less risk exposure because they spent significantly less time engaged in physical therapy sessions (English 2007). Nevertheless, it would be pertinent for future studies to more closely examine the link between CCT and falls in therapy.
Overall completeness and applicability of evidence
The content of the intervention provided was remarkably similar across all six studies with many of the same exercises and activities included (see Characteristics of included studies). The participants in the included studies can be divided into two clear groups with respect to stroke latency: those less than three months The characteristics of participants included in these four studies involving people later after stroke were homogeneous. Thus, the results can be extrapolated to community dwelling stroke survivors, able to walk at least 10 metres independently and free from significant co-morbidities, as well as stroke survivors receiving inpatient rehabilitation who are commencing mobility training or are able to walk 10 metres. Importantly, results cannot be extrapolated to stroke survivors who have not regained the ability to walk 10 metres, or those living in residential care. The benefits may also be restricted to those people with sufficient motivation and social support to enable them to regularly attend an exercise class. There is some evidence that CCT has an immediate effect on improving walking capacity (as measured by 6mWT) both in persons in the first months after stroke (Blennerhassett 2004) and later after stroke. Only two of the later stage studies (Dean 2000; Marigold 2005) included follow-up measures taken one and two months after the intervention ceased, respectively. These studies did not include common outcome measures meaning that results could not be pooled. Therefore, there is insufficient evidence on whether benefits of CCT provided to people later after stroke are maintained over time.
The evidence for the effectiveness of CCT on balance ability for people after stroke is less clear with a significant benefit found for the step test and balance confidence (ABC Scale), but not the BBS or TUG. Ultimately, the reason for including exercises aimed at improving balance within the intervention is to improve a person's ability to participate in the community and to reduce the risk of falls. One study prospectively tracked falls for one year after the intervention and found no significant difference between groups (Marigold 2005); however, those receiving CCT did have less falls in response to perturbations on a force platform compared to the control group. Thus, there is evidence to draw modest conclusions about the effectiveness of CCT for improving balance and balance self-efficacy (confidence when performing activities requiring balance), as well as reducing falls after stroke. In the context of current practice, this review suggests that CCT may be an effective means of providing task-specific programs to stroke survivors, particularly in the community. Current practice around this service delivery varies both within and between countries. Only one of the included studies directly compared CCT to another common model of physiotherapy service delivery (one-toone) (English 2007), so the question of whether CCT is superior to other currently used methods is not clear.
Quality of the evidence
The overall quality of the evidence was relatively high and, therefore, the results can be considered to be strong despite the small number of trials and small numbers within trials.
Potential biases in the review process
Potential biases in the review process need to be considered in that both of the review authors are stroke rehabilitation trialists and take a pragmatic stand on trial design. For example, we did not assess trials as having a risk of bias where the therapist or the participants were not blinded, as we did not consider this possible in these kinds of clinical trials (other than to maintain the participant naive as to which arm of the trial is of interest to the researchers).
Agreements and disagreements with other studies or reviews
There has been a recent systematic review of the effectiveness of CCT for improving walking after stroke which differed slightly from our review in terms of the studies included but reached similar conclusions ( Step Test in this study compared to those involving participants later after stroke. Further studies into the effectiveness of CCT for people in the sub-acute post-stroke period are required to determine the effect of stroke latency on the effectiveness of CCT.
A U T H O R S ' C O N C L U S I O N S Implications for practice
Based on the existing evidence, circuit class therapy (CCT) is effective in improving gait capacity and other aspects of mobility for adults after stroke and can be implemented in the post acute and chronic stages for people with moderate stroke severity. Intensity can vary from daily to three times weekly for four weeks or more to achieve benefits. There is evidence that it can reduce length of stay in the inpatient setting. There was insufficient evidence to determine the effect of the intervention on adverse events (e.g. falls).
Implications for research
While evidence is strong for the effectiveness of CCT for improving mobility in people later after stroke who are able to walk independently, the evidence for CCT for people early after stroke is less clear. Further quality randomised controlled trials are required to compare CCT to standard care for people in hospital after stroke to allow service providers to make more informed choices about whether CCT should be offered as an adjunct or as an alternative to usual care. These studies should include measures of costbenefits as well as quality of life and participation. Future research should also investigate differential effects regarding stroke severity, age and stroke latency. 
C H A R A C T E R I S T I C S O F S T U D I E S
